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INTRODUCTION
The most reliable indication of the viability of embryos maintained under in vitro conditions is their development into normal neonates following transfer to recipients. Earlier reports by Pincus & Enzmann (1934) , Chang (1948) and Adams (1956) have shown that two-to sixteen-cell rabbit ova can be incubated for short periods or can be stored at low temperatures and develop into viable neonates when transferred to recipients. In mice, transferred blastocysts resulting from one-, two-or eight-cell embryos cultured for 2 to 4 days deve¬ loped to term (McLaren & Biggers, 1958; Tarkowski, 1961;  Biggers, Gwatkin & Brinster, 1962; Biggers, Moore & Whittingham, 1965; Mintz, 1965; Pavlok, 1967; Whitten & Biggers, 1968) . In sheep, very low survival rates of transferred cultured embryos have been reported by Hancock (1963) , Buttle & Hancock (1964) and Vincent, Elliott & Ulberg (1967) . Adams (1965) cultured 60-hr rabbit morulae for 24 to 96 hr to the early blastocyst stage. Following transfer to recipient does, fewer neonates resulted as the time in culture increased. Staples (1967) cultured 5-day blastocysts for 8 to 24 hr, with similar results. In vitro development of rabbit embryos from the two-, four-and eight-cell stages to the blastocyst stage has been reported by Onuma, Maurer & Foote (1968) , but the viability of the cultured embryos was not thoroughly tested.
The present experiments were undertaken to investigate the viability of twoand four-cell embryos cultured for varying lengths of time in sera with and without added glucose by transplanting them to recipient does.
MATERIALS AND METHODS
Sera from rabbits and cattle were prepared according to Onuma et al. (1968) , and frozen until used. The glucose content of the sera was determined by an enzymatic method (Glucostat, Worthington Biochemical Corp.). The osmolarity was measured with an osmometer (Advanced Instruments, Inc.).
Embryos in the two-and four-cell stage were collected from superovulated Dutch-belted does 28 to 32 hr after injection of lh . The embryos were cultured in 60 15-mm Falcon tissue-culture dishes containing 0-2-ml droplets of media under 10 ml of light paraffin oil (viscosity 125/135) . Incubation was at 37°C in a humidified mixture of 5% C02:95% air (Brinster, 1963 The results of transferring cultured embryos into asynchronized recipients are shown in Table 2 . Pregnancy was achieved in at least one doe in every group receiving embryos cultured from 0 to 88 hr. Furthermore, two-celled embryos up to and including blastocysts produced in culture resulted in neonates following transfer. This fact appears to be particularly significant since the culture media contained no oviduct or uterine fluids (Krishnan & Daniel, 1967 
DISCUSSION
In an earlier experiment (Onuma et al., 1968) , the addition of 50 mg of glucose per 100 ml serum did not significantly increase blastulation. The increase in blastulation following the addition of 100 mg/100 ml suggests that the level of glucose is important. Wales & Brinster (1968) found that two-and eight-cell mouse embryos accumulated more labelled glucose at a 5-0 mM than at a 0-5 mM concentration. Fridhandler (1961) showed that rabbit embryos before the blastocyst stage used glucose by way of the hexose monophosphate oxidation pathway to produce pentose. Subsequently, Fridhandler, Wastila & Palmer (1967) reported that the addition of 5-55 mM-glucose stimulated incorporation of amino acids into protein and nucleosides into DNA and RNA in rabbit blastocysts. Also, the morphological appearance was improved, showing that glucose plays a central rôle in development. While the levels of glucose nor¬ mally present in serum should more than meet the requirements, the glucose added in the present studies appears to have assisted the two-and four-cell embryos to develop to the expanding blastocyst stage without requiring a uterine substance, as reported by Krishnan & Daniel (1967) . However, the growth rate was slower during the 5th and 6th days in culture, possibly due to an oxygen deficiency. Fridhandler, Hafez & Pincus (1957) and Daniel (1968) have shown that, at the blastocyst stage, rabbit embryos need more oxygen than during the earlier stages. Oxygen concentration should have been ade¬ quate in the present studies, but the diffusion rate through the oil could have been a limiting factor.
The significantly higher proportion of blastocysts developing in bovine serum than in rabbit serum may have been partially due to differences in osmolarities. Brinster (1965) reported that 276 m-osmole was optimal for mouse embryos, a value that is closer to the average of 256 m-osmole found for the bovine serum than the 310 m-osmole found for rabbit serum.
In the present experiments and in previous work (Onuma et al., 1968) , the slower growth rate in culture resulted in a greater discrepancy between the in utero and in vitro stages of embryos as the time in culture increased. To com¬ pensate for this, the timing of ovulation in the recipients ( (Chang, 1950; McLaren & Michie, 1956; Adams, 1967) .
Viability of embryos cultured for more than 62 hr also may have been under-estimated because they were transferred to the oviduct, whereas embryos developing in vivo normally have reached the uterus at comparable stages of development. In addition, embryos transferred to the oviduct of recipients 60 or more hours post coitum may not enter the uterus (Mauer, Hafez, Ehlers & King, 1968) . Despite these possibly adverse conditions, one embryo cultured for 88 hr developed into a neonate.
The viability of morulae and blastocysts cultured for various times has been reported previously (Adams, 1965; Staples, 1967 
